I. Introduction
Rising energy prices during the early 1970's brought a major effort to develop a set of new energy technologies which held the potential for replacing scarce fossil fuels. One set of these new energy technologies, those frequently referred to as solar technologies, brought with them a new set of characteristics of supply which were not present in the traditional fossil fuel sources. The majority of the solar technologies are non dispachable: their performance is predictable during specific daily or annual time cycles but is not available at all during other specific periods. Because their output is generally time-dependent, their output is not independent of the demand for energy. In addition, many of these new solar technologies are at least as feasible at distributed locations as they are at centralized locations.
The objective of this paper is to evaluate the economic interactions between the operation of nondispatchable, new energy techologies and the electric power grid. It will discuss the general characteristics of these new energy technologies and focus on one specific set, those generating electricity. The paper will then introduce a new set of concepts, Homeostatic Control, which offer a means of increasing the cooperation and coordination between electric utilities and their customers. Finally, the paper will discuss the utilization of the concepts associated with Homeostatic Control in efficient integration of AM lill WI 3 new energy technologies into the current electric power grid system. Throughout the discussion there will be an effort to separate the questions of interaction into five time frames which reflect the operating decisions of the electric utility. These time frames are summarized in Table 1 . As will be seen, the concepts of Homeostatic Control function in each of these time frames to help to maintain system equilibrium. weather dependent the sum of the ildividual units will also be weather dependent. As seen by the utility, the end-use solar technologies are similar in their characteristics t) air conditioning or electric heating, in that the net load, as seen by the utility, is highly dependent on at least macroweather patterns. On a hot day with high humidity, most utilities will see a high coterminous peak brought about by a large number of air-conditioning units drawing heavily at any given time. The same phenonmenon takes place with solar heating and hot water units when there is a long period of cloudy s<ies such that the units themselves are not functioning, thus causing the back-up system to take effect.
Electric Generation: The second significant solar technology type is one whose major function is in the generation of electricity. This type of technology, primarily photovoltaic, small scale solar-thermalelectric, and wind, has a very different impact upon the electric utility grid. These technologies both provide power to the electric grid and, in the instances in which they are distributed technologies, also demand *The term "backup" is used in this discussion for lack of a better phrase. It should be noted that no unit in an electric utility system is without "backup." Solar technologies are dependent upon sunlight or wind and thus their backup requirements are not random as would be the case with, for instance, a coal or nuclear facility.
back-up from the electric uti:ity. As a result, the generation technologies are more difficult to evaluate from the perspective of the electric utility. As central generation sources, the photovoltaic, solar-thermal-electric, and wind systems may be seen as a high-capital, low-operating-cost, generating plant. In this mode they are dispatched on the front part of the loading order because they are the least operating costs generators available. From the perspective of the system dispatcher, the plants represent a two-component uncertainty structure.
The first component is one that is a function of the weather conditions, either solar or wind that will affect their availability. The second component of uncertainty is that of performance of the plants themselves. This component is identical to the uncertainty associated with any other generation plant on the system in that each generation plant has a finite probability of being in operation at any time, because of mechanical or electrical failure.
The more difficult analysis is of distributed solar generators. The utilities will be concerned that the energy entering the utility grid be of sufficient quality and that the systems be designed in such a manner as to guarantee the safety of those operating and repairing the system. Biomass fuels are being considered or being used for electric power generation at a number of stations. These fuels utilize, generally, wood chips for a boiler fuel in a standard steam-turbine environment. As such they are little different from other fuels in terms of their technical characteristics in operating or interfacing with the utility.
I'
Large-scale solar thermal electric facilities are in many ways more similar to biomass than to the smaller scale generation technologies in that solar energy is frequently only one fuel of a multifuel mix to be utilized in a steam boiler.
For the remainder of this paper, the primary concern will be the interaction of electric generation technologies and the electric utility system. The electric generation technologies under consideration will be predominantly those of wind and photovoltaics though the discussion can be easily expanded to consider all non-dispachable sources including small scale hydro and distributed solar-thermal electric.
III. Homeostatic Control: Discussion
Homeostatic Control (Ref.
2) is a new approach to the control and economic operation of an electric power system. As will be discussed later the implementation of some of concepts within Homeostatic Control have already or could begin today specifically for large industrial and commercial customers. Homeostatic Control is based on two major principles, utility customer cooperation and the independence of the customer. It is to the advantage of both the customer and the utility that the electric power system be planned and operated as economically and physically efficiently as possible subject to constraints on environmental quality and on system integrity. Historically this has been the task of the utility independent of the customer. Customers have only rarely been given any role or any information concerning the overall cost of operation of the electric utility or concerning the cost of maintaining the integrity of the utility system as a whole. As a result, the "communications" with the customer have been limited to a single price, for the most part, and to a fixed level of reliability. The result of this lack of communication has been that in general electricity has been utilized less economically efficiently than would be possible were customers to receive additional price information. Given major advances in communications and computation, an information exchange in real time is now possible.
At the same time that it is important to have a close interaction between customers and the utility, it is equally important for customers to make independence decisions. It is more efficient for a customer to make the decision to shed load than it is for an external source, such as an electric utility controller, to make the decision to shed customer load. To make this clear it need only be pointed out that the industrial customer is far more able to judge the value of electricity at any given point in time than is the utility controller who has little if any information concerning the industrial processes being affected.
Three Homeostatic Control concepts which follow from the general principles discussed above are:
These concepts could be implementel separately; however, when integrated, they provide a coordinated set of actions which form the basis for highly flexible and robust operating and :ontrol systems.
Spot pricing is a concept in wiich the price of electricity varies during the day depending on supply-demand conditions (customer and utility) and the cost of supply. Three types of spot prices are:
Buy Rate: Price paid by custoners to buy firm power from utility. etc.) will respond in a similar fashion but by considering both the buy and buy back rates.
The second concept, microshedding, solves the dilemma of how the utility can have the direct load control that is often desirable without crossing the meter line. Under microshedding the utility and the customer negotiate a contract for quantity control in which at an agreed upon price the customer will shed a specified amount of load. It is the customer's choice as to how such microshedding load will be contracted for and, when called, specifically what operations will be shed.
Microshedding is an interruptible rate that is negotiated as frequently as every few minutes or as infrequently as annually. The important concept is that the customer chooses what will be affected, the utility determines when. Again, as with spot pricing, short-term microshedding contracts would require highly advanced communications and computational facilities. Longer-term contracts would also require advanced customer control equipment if customers are to be able to respond rapidly to their contractual commitments.
The third concept, decentralized dynamic control, exploits the fact that certain electric loads are energy rather than power loads, i.e., loads that require that an average rather than an instantaneous condition be met. This includes such loads as resistive heating, melt pots, etc., -Great Britain adds a price surcharge during periods of anticipated supply shortfalls. This rate is applied to several hundred customers (Ref. 6).
-San Diego Gas and Electric Company calculates a demand charge at the time of system peak. This can be interpreted as a spot price (Refs.
7,8).
-Illinois Power and Light offers spot pricing as an alternative to curtailments during times of system stringency.
Although rates which are effectively spot prices have been in use for some time, the academic literature on spot pricing theory for electricity 
IV. HOMEOSTATIC CONTROL AND THE NON-DISPATCHABLE TECHNOLOGIES
As has been discussed above, Homeostatic Control is made up of a set of concepts which work to maintain a balance within a utility system.
The nondispatchable technologies, specifically those which are distributed throughout the utility system are often perceived to work against this balance. Homeostatic Control offers one means to integrate the nondispatchable technologies to the utility. The section of paper which follows will discuss Homeostatic Control and its application to the new technologies for each of these time frames. In the dynamic control time frame the new technologies have an impact upon the utility system that is heavily dependent upon their stochastic operating characteristics and upon the quality of the devices such as inverters with which such systems ire interfaced with the utility (Ref. Homeostatic Control concept of spot pricing as one means of charging for the quality of power (in terms of power factor) which is either produced by a distributed generator or consumed by a customer's facility. From the perspective of the utility there is no difference between a distributed consumer and distributed generator except in the direction of new power flow. It is important only to recognize that there is a need for the pricing of electricity to and from distributed sites to be identical, i.e., that there by no difference between buy and buyback rates and that the individual customers be charged a spot price both for the kWh consumed and for the kVarh consumed. This concept of charging for both real and reactive power is clearly not a new one on the part of the utilities; it is however different when one considers that it is being charged on a spot basis. The concept of charging for both real and reactive power again is a two-way phenomenon in that a customer who is providing capacitance to the system either through his generation or his consumption will be charged an amount different from the customer that is providing a reactive load to the system.
The second time frame of importance to this analysis is that of 1 to 10 minutes, roughly the time period in which the system operator dispatches his facilities. It is in this time frame that the concepts of spot pricing are most important and in which the role of Homeostatic Control may find its maximum usefulness for the integration of nondispatchable technologies into the grid. Spot pricing offers a means of setting an economically efficient buy and buyback rate for electric power between the small generator and the electric utility. The language that has been established in the Public Utilities Regulatory Policy Act (PL 95-617), represents the best example at the present time of the need for a system of spot prices. The language of PURPA requires that the interchange between the utility and the customer be based upon avoided costs. The interpretation of this cost level is that of short-term marginal cost to the utility, the cost that has been avoided by virtue of the fact that the small generator or cogenerator is providing electricity to the central utility. Only under the circumstances in which there is an active market for electricity between the utility and the customer can the conditions of PURPA be met efficiently.* It should be recalled from the discussion in Section III that spot prices would be set at the marginal cost of generation corrected for distribution system conditions. Using system lambda as a basis of setting of spot prices guarantees that the utility is able to operate at its maximum point of efficiency and that customers are able to respond according to their efficiency points given the reative price of electricity and other short-term choices of fuel, i.e., storage or self-generation, and long-term choices in capital stock. In addition, from the perspective of the customer with the nondispatchable technology, the setting of prices to marginal utility costs guarantees that that customer is able to evaluate his own generation in light of the costs which would be borne were he to be purchasing electricity from the utility, or the benefits that could be gained by selling his generated power back to the utility. *It is beyond the scope of this paper to prove the efficiency and optimality conditions of Homeostatic Control when applied to all transactions between the utility and the customer and specifically to those between a utility and a generating customer; these conditions have been shown to apply (Ref. 4) .
From the perspective of the system dispatcher, the new, nondispatchable energy technologies will appear as a diminution in the load seen by the remainder of the utility generation facilities. As a result, the dispatch process will be against a smaller load, thereby guaranteeing a lower marginal cost to all customers. From the perspective of the owner of a small, distributed, nondispatchable technology, the availability of system lambda as a spot price for energy generated will guarantee that the customer receive the market value of energy sold back. It must be remembered that the small nondispatchable generator will also be a distributed consumer and as a result his pattern of consumption will also be influenced by the availability of energy at spot or marginal prices. Given this situation the owner of a nondispatchable energy system will have the choice between consumption of his generated energy within his own plant and consumption of a net quantity from the utility and/or sales of a net quantity from his distributed generation source to the utility. Given the economic efficiency criteria the price set by the utility will influence the direction of power flows between the customer and the utility, particularly at times of high marginal costs, i.e., at peak times for the utility itself.
In the three longer-term time periods considered in Table 2 , Homeostatic Control plays a further significant part in the interaction between the utility and the nondispatchable technologies. In the range in which we consider unit commitments, i.e., that of an hour to two weeks, again spot pricing and anticipated spot pricing offer a means of predicting, on the part of the utility, the availability of nondispatchable generation that will be sold to the utility at any given operating point, and the likely response of nondispatchable generators to changing utility prices as a function of the nonavailability of one or more of the major generating units. This same argument can be made with respect to the time frame of one month to one year in which maintenance is scheduled upon major plants within the utility. As is done at present, maintenance scheduling evolves around a projection of time periods in which the demand for electricity will be such that individual units can be taken off line without danger of system failure. This has generally meant that maintenance on large-scale base units is done during the spring or fall time periods. With Homeostatic Control, specifically spot pricing, the utility can estimate the quantity of electricity which a customer will be willing to sell at a given price and given weather conditions. By the same token the customer is able to project his operating schedule and his revenues from a nondispatchable technology given information about the utility's future patterns for maintenance scheduling.
In terms of long-term planning, the interaction between Homeostatic
Control and the integration of new energy technologies represents a major advantage from the perspective of the potential owner of a nondispatchable technology. At the present time the vagaries of the regulatory system make the actual reimbursement for energy sold back to the utility an unknown in terms of the nondispatchable technology's owner. This is the case because while PURPA may be available at the present time, its implementation within the individual states has yet to be confirmed and fully defined. As a result, the owner of a non-dispatchablte technology cannot be certain as to the interpretation of avoided costs or the manner in which an individual utility may deal with calculation of avoided costs. In addition, there are always questions as to how regulations will change over time. This is particularly critical when one is faced with making a large capital investment, either on the utility side or on the customer side for generation technology. Given the use of spot pricing as the market for energy flow between the utility and the customer, it is possible for a customer to project forward the structure of the utility and thereby the likely operating characteristics and prices for his power. At the same time it is possible for the utility to project forward the most likely customer response to utility planning and thereby influence that planning to incorporate information about the likely amount of nondispatchable generation which will be built within the system.
V. CONCLUSIONS
In conclusion it can be seen that the structure being proposed for Homeostatic Control offers an efficient means of smoothing the economic and technical interface between the new, nondispatchable electric generation technologies and the current electric utility system.
Homeostatic Control works at each of the utility time frames to offer a means for efficient integration of nondispatchable technologies into the grid. Its most powerful actions take place in the intermediate time frame when the concepts of spot pricing and microshedding can be utilized to offer an efficient marketplace for the purchase and sale of electric power between the utility and the nondispatchable technology owner.
The nondispatchable technologies represent a class of customer that is able to provide generation capability to the utility in exchange for a "fair and reasonable" return for paying the nondispatchable technology I II II II Ii 11UIIIWI owner an amount which reflects the value to the utility of the electricity generated. In so doing the utility will operate in a real-time environment in order that the amount paid for energy be neither greater than nor less than the amount saved by the utility. The experiments completed to date with spot pricing types of rates have indicated that such rates offer significant benefits to the utility and to its customers. Application of these rate concepts to nondispatchable technologies will offer these same advantages to both parties while guaranteeing that the conditions of economic efficiency are met by both the technology owner and by the utility. The basic theoretical work has been completed for utilization of Homeostatic Control concepts as a means of integrating new, nondispatchable energy technologies into the utility system. It is necessary now to begin the live experiments required to confirm the theoretical findings.
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